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ANSWERS TO QUESTIONS ON THE FLOTATION OF ORES. 


By Ouiver C. Ratston. 


INTRODUCTION. 


The concentration of sulphide ores, particularly low-grade ores, 
carrying gold, silver, copper, lead, zinc, and other metals, seems to 
be undergoing a revolution. Except for ores that could be smelted 
directly, or for gold and silver ores that could be treated by stamp 
milling, with or without cyaniding or chloridizing, the generally 
accepted plan of concentrating sulphide ores has been concentration 
by gravity, involving the use of jigs, buddles, vanners, or tables. 
Within the past 15 years, however, metallurgists throughout the 
world have come to recognize the enormous possibilities of concen- 
tration methods based on entirely different principles—the surface 
tension of liquids and the adhesion of liquid films to the surfaces 
of minerals. These principles are used in what are known as flota- 
tion processes. Ingalls has aptly characterized flotation as concen- 
tration upside down, because usually the heavier or ore mineral rises, 
while the lighter gangue mineral sinks. 

For convenience, flotation may be defined as the process or proc- 
esses by which the valuable minerals in a mass of finely ground ore 
are caused to float on a liquid into which the finely ground ore is 
fed. Flotation processes can be grouped as of two types—film flota- 
tion and froth flotation. In film flotation the floating mineral par- 
ticles are sustained on the surface film of the liquid. In froth flota- 
tion the minerals floated gather in and on the surfaces of bubbles 
of air or gas driven into or generated within the liquid. As the sur- 
face of a mass of bubbles overlying a liquid is greater than that of 
the upper surface of the liquid itself, a froth will carry a greater 
burden per square foot of area of liquid than will the film surface 
of the liquid. 

In the application of flotation there is opportunity for endless 
variety of detail. Thus, in froth flotation the bubbles may be pro- 
duced by beating air into the pulp or ore-carrying liquid, by forcing 
air through it, by generating a gas through the action of acids in 
the liquid on some constituent of the ore, or by applying reduced 
pressure to the surface of a pulp saturated witii air. " 
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The great field of flotation has been the preventing of slime losses 
at ordinary concentrating mills for ores containing valuable sulphides 
or native metals, Also, flotation is particularly adapted for the 
treatment of an ore carrying valuable minerals in very small grains. 
As regards gold and silver ores ordinarily treated by cyanidation: 
Some can be profitably treated by flotation, and from some it is pos- 
sible to recover gold and silver that can not be profitably recovered 
by the cyanide process. However, it is hardly probable that flotation 
will completely displace the cyanide process for gold and silver ore, or 
leaching processes for copper ore, because the latter produce metal for 
shipment, whereas flotation ordinarily yields only high-grade con- 
centrates for shipment to smelters. 

So rapidly is the art of flotation advancing that any complete 
treatise on the subject is likely to be out of date by the time it is 
printed. However. as the Bureau of Mines is continually receiving 
inquiries regarding a number of more or less practical questions that 
» are seemingly not answered with sufficient clearness in the existing 
literature, attempt is made in this paper to answer such questions as 
are more pertinent and important. Answers to some of the ques- 
. tions are to be found in the literature of flotation, but the majority, 
possibly because they are decidedly practical, seem to have been 
overlooked or left unanswered. This paper does not attempt to dis- 
cuss the theories put forth to account for the facts accumulated by 
the many experiments with flotation, nor does it attempt to describe 
in detail flotation plants nor the procedure in different mills. Rather 
it seeks to answer questions that are apt to be asked by persons who 
wish to know the possibility of successfully applying flotation to a 
given ore or mixture of ores. 


TWENTY-FOUR QUESTIONS ANSWERED. 
1. WHAT TYPES OF ORES CAN BE TREA'TED BY FLOTATION ? 


In general, it may be said that only the sulphide ores, that is, the 
sulphides of copper, lead, zinc, silver, iron, and other metals, can 
- be and are-being treated successfully by the flotation methods now 
in-use. However, free gold and gold telluride can be floated, as 
well as native silver and native copper. Recently there has been 
some success in “sulphidizing” oxidized ores by treating a finely 
ground pulp with solutions of sodium sulphide or hydrogen sulphide. 
After the particles of an oxidized ore have been converted super- 
ficially into sulphides they can be floated in the same way as natural 
sulphides. No commercial flotation of oxidized minerals without sul- 
phidizing is known at the time of the writing of this paper. 
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2. WHAT ARE THE COMMERCIALLY IMPORTANT METHODS OF FLOTATION ? 


Nearly all the commercially important plants use froth flotation. 
In this process the finely ground ore, suspended in water to form 
a pulp, is so treated that a froth will form on its surface, and the 
proper conditions are arranged so that the commercially valuable 
sulphides will adhere selectively to the thin films of the gas bubbles 
that make up the froth. Usually these bubbles are of air which 
has been introduced by beating it in with mechanical beaters or 
impellers, or by injecting compressed air into the ore pulp. By 
subjecting such a pulp to a vacuum the dissolved air in the water 
is liberated in small bubbles which likewise rise and form a froth. 
Bubbles of gas may be made by adding acid to the pulp in the 
presence of carbonate minerals like calcite and siderite, with the 
result that carbon dioxide bubbles form in the body of the pulp and 
rise to form a froth. Thus froth flotation is recognized under four 
heads, “ mechanical,” “ pneumatic,” “ vacuum,” and “acid” frothing 
methods. Essentially the same underlying principles are involved 
in them all. In present practice froth flotation always depends on 
air or gas bubbles for the flotation of the mineral particles and the 
“oils” added are not used for their buoyant effect as they were 
formerly in “ bulk oil” flotation. Usually a frothing agent is added 
in order to aid the formation of a froth, and to increase the tendency 
of the liquid films of gas bubbles to attach themselves selectively 
to only the sulphide particles of the ore. Frothing agents are 
usually oils or substances of oily consistence and hence the use of 
the misnomer, “ oil flotation.” 

“Skin flotation ” or film flotation, is at present used in concentrat- 
ing a very small tonnage of ore. Practically, froth flotation may be 
regarded as the only type used. 


8. WHAT ARE THE FIELDS OF “SKIN” AND OF “ FROTH ” FLOTATION ? 


The application of processes for concentrating ores is limited by 
the types of ore they are capable of treating. Most of the film flota- 
tion methods are expensive, because of the small weight of mineral 
that can be floated at any one time on the surface film of water. They 
ure not applicable to the treatment of finely divided slimes, and as 
the present popularity of froth flotation depends on its success in the 
treatment of ore-slimes, the reader can easily see that “skin” 
methods have not as wide a field as frothing methods. Skin flota- 
tion by McQuiston’s method is at present in use for the treatment of 
table middlings at the Morning mill, at Mullen, Idaho. Barite and 
siderite are there present as gangue minerals in a middling containing 
zinc and lead sulphides. As these heavy gangue minerals can not be 
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separated by gravity methods of concentration, the alternative of 
grinding them fine enough for froth flotation or of treating them by 
skin flotation has to date enabled the latter method to survive the 
competition of froth flotation. At the ore testing plant of H. E. 
Wood, of Denver, is also a skin flotation machine removing molybde- 
nite from a low-grade ore. 

Probably froth flotation could be used for every separation of 
minerals that is now being accomplished by skin flotation, provided 
the material were ground somewhat finer. Although 20-mesh mate- 
rial can be successfully floated by skin flotation, 50-mesh material is 
usually about the limit of coarseness for froth flotation. Flotation of 
some coarser particles than those mentioned has been observed, but 
usually there were large losses of the valuable minerals in the coarser 
s1Zes, 


4. WHAT IS THE DIFFERENCE BETWEEN “ MECHANICAL” AND “ PNEU- 
MATIC ” FLOTATION FROTHS? 


As the froth produced by mechanical methods of beating air into 
a pulp is more or less tough and permanent, whereas the froth pro- 
duced with the same frothing agents by releasing small bubbles of 
compressed air in the pulp is rather evanescent, many people have 
wondered whether one froth was not different in kind from the other. 
Air bubbles produce both froths, and often the same quantities of oil 
are used in pulps made up with the same quantities of water. Yet 
the pneumatic froth dies as soon as the supply of air is shut off and 
the mechanical froth does not break down for a considerable length 
of time—occasionally weeks. The froths usually look much alike 
while the machines are running, except that the froth on the pneu- 
matic machines appears whiter and does not seem to contain as much 
mineral. 

As far as can be learned the difference between the two froths lies 
largely in the different percentages of air and moisture as compared 
to the amount of solids. The continual supply of air by the pneu- 
matic method produces a condition under which each rising bubble 
carries only a few grains of mineral, whereas in the mechanical 
methods the bubbles come up fairly heavily laden. 

When the bubbles burst the minerals carried by them are caught 
by the bubbles just below. A “mechanical” machine is provided 
with a box in which the pulp is relatively quiet and consequently 
there is opportunity for the collection of froth which is burdened to 
the limit. The close packing of the mineral particles seems to give 
strength to the froth bubbles, so that such a mechanical froth will 
stand for a considerable length of time before it breaks down. Much 
of the water has drained out of it then, so that often it may be called 
rightly a froth of “mineral mud.” If a pneumatic machine is 
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allowed to run for some time with no removal of froth the layer 
of froth on the top finally becomes similarly loaded, although the 
continual rush of large volumes of air through this layer keeps it 
more or less fluffy and expanded and wetter than a mechanical froth. 
On letting such a froth subside in a quiet place a small amount of 
permanent froth will remain. Consequently one may say that a 
pneumatic froth probably contains more water and more air for a 
given weight of supported mineral. 


5. WHAT ARE THE METALLURGICAL AND ECONOMIC DIFFERENCES BETWEEN 
MECHANICAL AND PNEUMATIC FROTH FLOTATION ? 


The two methods of flotation give nearly the same metallurgical 
results. However, comparisons made in a number of competitive 
tests indicate that the mechanical machines give a somewhat better 
extraction of the coarse particles of mineral and that the pneumatic 
machines make a better separation of the finer slimes—provided the 
oil has been well mixed with the pulp. With the same pulp the pneu- 
matic machines have given a very slightly better total extraction 
than the mechanical machines. 

In practice the machine that gives the highest total extraction is 
usually considered the best. This is especially true in copper mills. 
In zinc mills the highest possible grade of concentrate is of impor- 
tance and should be considered. Operation of the pneumatic system 
requires slightly less power than most of the mechanical machines, 
especially if the oil or other frothing agent has been added to the 
pulp before the latter passes to the tube mills. In either system the 
grinding machinery requires the same amount of power, and it might 
as well mix the oil with the ore. With such mixing the saving of 
power by pneumatic machines is from a half to one kilowatt-hour per 
ton of ore. If the experience of the larger copper mills is to be con- 
sidered as determining the point, the pneumatic machines also require 
less labor. 


6. WHAT IS THE EFFECT OF DILUTING THE PULP IN FROTH FLOTATION ? 


If a given ore be crushed to a definite size and treated by flotation, 
the more dilute the pulp the cleaner is the concentrate. This is be- 
cause less gangue is intrained in the froth made from the more 
dilute pulp. It is also noticed that the extraction also falls off, 
mainly because the coarser particles are not floated. It would seem 
that in more concentrated pulps the smaller particles of minerai 
assist the floating of the larger particles. When flotation is at- 
tempted in dilute pulp these larger particles are not as close to their 
smaller neighbors and are not carried into the froth with them. If 
the ore is already finely ground the thicker pulps often give such a 
poor concentrate that dilution greatly increases the grade of cor - 
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centrate. In fact, some slimes can not be treated in any other than a 
dilute pulp—five or more tons of water to one ton of ore. These 
slimes are usually from ores with a gangue containing much colloidal 
matter. 

Another effect noticed on treating pulps of different dilution is 
that dilute pulps require more oil for a good froth than do thicker 
pulps. Of course, there is a greater weight of water to be “oiled,” 
and likewise there is more water to be agitated or otherwise treated _ 
in order to form a froth. This means a greater expenditure of power 
per ton of ore treated. 


7. WHAT DIFFERENCE IS THERE BETWEEN FLOTATION OF GRANULAR 
MATTER AND OF SLIMES? 


From the foregoing discussion it is evident that granular matter 
can be treated in a very thick pulp, whereas the successful treatment 
of slimes usually requires a more dilute pulp. Of course the surface 
presented by a ton of slime is immensely larger than the surface 
of the particles in a ton of sand, so that more oil is needed in treat- 
ing slimes. Furthermore, when the material is very finely divided 
it usually tends to gather into flocks in some of which a number 
of gangue particles may surround each sulphide particle. Such 
flocks must be broken up in one way or another in order that the 
sulphides can be “oiled” and floated. One way of accomplishing 
this is by extreme agitation, such as is possible in the Janney flota- 
tion machines. Another way is to deflocculate the gangue slimes by 
the addition of a deflocculant, such as caustic soda, sodium silicate, or 
similar agent. Because of the necessity of floating the slimes in a 
more dilute pulp the greater amount of oil, power, water, etc., in- 
volved makes the treatment more expensive. The use of a dilute 
pulp cuts down the capacity of a flotation machine, as far as the 
tonnage of ore is concerned, and sometimes it even cuts down the 
total volume of water and ore together put through the machine. 
Thus one can say in general that a given machine will have a 
greater capacity for granular matter than for slimes. 

A true colloidal slime (such as has been called a “ primary slime”), 
resulting from pulverization of the claylike constituents of the ore or 
gangue, often proves extremely difficult to treat by flotation. In 
this connection, the work of the metallurgists at the mill of the 
Inspiration Consolidated Copper Co. has been most interesting. The 
“primary” slime produced at that mill could not be successfully 
treated by itself. Addition of iron filings made possible the forma- 
tion of a good mineral froth; «nd later it was found that a certain 
proportion of granular matter in the slime gave the same effect. 
In other words, it is not best to remove granular matter completely 
from slimes not easily amenable to flotation, as the mere presence 
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of the proper percentage of granular material will permit successful 
flotation of the total pulp. No satisfactory explanation for this is 
known. The effect is one of the unexplained mysteries of flotation. 


8. HOW CAN COARSE MATERIAL BE RECOVERED BY FROTH FLOTATION ? 


If the: coarse material is contained in a pulp formed by simple 
grinding of the ore, without classification or the removal of the 
slime, it is much easier to float some of the coarse material than when 
the product has been deslimed. The coarse material'is intrained in 
floccules.of smaller material. It can also be seen that a dilute pulp 
should not be used. The pulp should be as thick as possible, so 
that the coarse particles of ore can not drop through the gangue 
particles and the water too rapidly. A frothing agent that gives 
a tough rather than a “brittle” froth will also be of advantage, 
and the flotation machine used should be capable of making toug' 
froth—a mechanical frothing machine. These, in the main, con- 
stitute the conditions for successful flotation of coarsely ground ore. 

As to the desirability of floating such material, the gangue minerals 
and the sulphides may be of so nearly the same specific gravity that 
gravity separation is difficult. Middling formed in a gravity con- 
centration mill treating such ore would not be amenable to froth flo- 
tation on account of the lack of slime. However, mixing such 
middling with the slime that needs flotation could yield a mixture’ 
adapted to froth flotation, unless the middling was very coarse. Even 
then the middling might require a small amount of grinding but not 
as much as would be needed if froth flotation of the :niddling alone 
was to be attempted. Where the gangue minerals are not heavy the 
coarse ore in a pulp can be recovered on tables and the necessity for 
its flotation need not be great. It is self-evident that fotation of all 
of the coarse ore would make unnecessary its recovery by concen- 
trating tables, but up to date the possibility of doing this has not 
been demonstrated. The necessity of floating coarse mineral comes 
only at times when the usual grinding capacity of a mil) has been 
lessened through a breakdown or other causes. Under these con- 
ditions, if pulp containing some relatively coarse mineral must be 
sent to the ffotation machines, the mill man will find it necessary to 
alter some of the ‘factors in order to adapt his flotation conditions 
to the pulp at hand. In case it is wished to crowd production at such 
a mill the grinding machinery probably would be adjusted to send 
coarser material to the flotation machines. As flotation machines 
have a much greater capacity for sands than for slimes and as sands 
assist the flotation of the slimes, it will be found that such crowding 
of a mill will not cause very serious losses of valuable minerals in 
the tailing. The success of the Inspiration Consolidated Copper 
Co. in obtaining high capacity from its machines has fairly well 
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demonstrated the truth of this reasoning. From 2 to 6 per cent of 
the flotation-machine feed at the Inspiration mill will not pass a 48- 
mesh screen, and although the sand tailing from the machines has to 
be concentrated on tables the total recovery of valuable minerals by 
these tables is small, being only 10 per cent of the total mill concen- 
trates. As gravity concentration can make fair recoveries from 200- 
mesh sands by gravity concentration, it can be seen that in this case 
flotation is replacing gravity treatment of the sand to some extent. 
At Inspiration the main reason for the procedure mentioned above 
was to provide enough granular matter to assist the flotation of the 
refractory primary slime. 


9. WHAT DETERMINES THE AMOUNT OF “OIL”? NECESSARY FOR 
FLOTATION ? 


Although the patent literature discloses methods of froth flotation 
that claim the use of no oil or similar frothing agent, such processes 
are not in commercial use in the United States. The common flota- 
tion plant obtains success only through the use of oily frothing 
agents. As many of these are expensive, the question of use of a 
minimum amount of them is of considerable importance. Although 
some flotation plants are now using large amounts of oil, most of 
them are doing so to avoid paying royalties to the company that owns 
patents covering the use of less than 1 per cent of oil on the weight 
of the ore. Some plants have successfully floated galena ores with 
only one-fifth of a pound of pine oil per ton of ore, although the 
patented upper limit is 20 pounds per ton. 

Whenever the aim is economy in the use of oil, the operators merely 
cut down the percentage of oil used until the losses of valuable min- 
erals in the tailing from using any less are greater than the value of 
the oil saved. The question then arises whether all the conditions 
at the plant that conduce to economy of oil have been observed. 

It is possible that the minimum amount of oil necessary for good 
froth flotation depends upon three different factors, namely, the area 
of surface of sulphide mineral exposed for “ oiling,” the amount of 
water used per ton of ore, and the number and total surface of air 
bubbles passing through a given amount of pulp. The question is, 
then, how to alter these factors in order to obtain economy of oil. 
These three variables will be considered in their order. 


EXPOSED SURFACE OF SULPHIDE MINERALS. 


There is a rather serious doubt whether the amount of oil neces- 
sary for good flotation depends on the amount of sulphide surface 
exposed per unit weight of pulp. To illustrate, for two zinc ores 
of about the same screen analysis about the same amount of pine oil 
is necessary for satisfactory separation, although one ore contains 
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about 20 per cent of zinc and the other only 5 per cent. Many illus- 
trations might be cited of the proportion of sulphide minerals in the 
pulps varying even more widely while the proportion of flotation 
oils used was practically identical. Therefore it is necessary to con- 
sider the exact function of the oil before the question can be discussed 
much further. 

Practice has shown that oils can be roughly classified as “frothers” 
and “collectors,” although some oils possess both the property of 
causing a froth and that of collecting sulphide minerals into it. As 
the froth consists largely of water and is formed by “ contaminat- 
ing” water with a frothing agent, it would seem that a certain con- 
centration of the frothing agent would cause a definite kind of froth. 
Consequently the proper proportion of frothing oil for good flotation 
should depend on the proportion of water in the pulp rather than on 
the proportion of sulphides in the pulp. However, a collecting oil is 
usually not miscible with water and, as shown by many experiments, 
it “oils” the surfaces of the sulphide particles so that there is 
greater concentration of oil in the flotation concentrates than in the 
tailing. This evidence indicates that the proportion of collecting oi] 
required varies with the total area of the exposed surfaces of the sul- 
phide particles. Either more sulphides in the feed or a finely ground 
feed causes a greater area of surface to be exposed to the water and 
hence requires a larger amount of collecting oil. 

By considering these points one can make more intelligent choice 
of oil mixtures for experiments with ore pulps. For a very slimy 
ore the required amount of collecting oils—such as coal tar, petro- 
Jeum products, and the like—necessarily will be rather high and the 
amount of a frothing constituent—such as pine oil—may be low. 
For granular pulps a low proportion of collecting and a higher pro- 
portion of frothing oil will be needed. Slimes often require a higher 
dilution of pulp than sands for succesful treatment. Such dilution 
means more tons of water for every ton of ore and, as there must be 
a certain concentration of the frothing oil in the water, the use of 
more frothing oil per ton of ore. 


EFFECT OF AIR SUPPLY. 


As regards the effect of air supply on the amount of oil used, it is 
commonly known that the use of a very small proportion of oil and 
intense aeration often enables a separation of galena and sphalerite. 
Barely enough oil to float the galena is used and the large volume 
of air used makes up for the lack of oil. The films of the air bubbles 
adhere selectively to the sulphide particles, although aeration of a 
pulp free from a froth-producing substance usually gives a weak 
froth that breaks up too fast to take advantage of the tendency of 
the air bubbles to lift the sulphide particles. 
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So one may say that increasing the amount of air bubbles passing 
through a pulp permits the use of less oil. Generally the oils used for 
differential flotation have good frothing and collecting qualities. 
Passing a large volume of air through a pulp, by causing many 
bubbles, greatly increases the area of the film surfaces separating air 
and water. As the oils tend to reduce the surface tension of the 
water by concentrating in the surface films it is entirely probable 

. that the frothing oil would tend to collect in the froth rather than 
in the bulk water; then if the froth were raked off not enough oil 
might be left to cause good flotation of some remaining sulphides. 
Such a condition would require the addition of more oil and thus 
intense aeration could make more oil necessary. In any event enough 
collecting oil to wet the sulphides would have to be used. 

Alkaline solutions cause better dissemination of most oils and thus 
make them more effective in “ oiling ” the minerals. Hence the use of 
such solutions may enable a saving of oil. This point needs further 
investigation. z 

These considerations indicate that the rules for obtaining the 
minimum expenditure of oil are as follows: (1) Use as thick a pulp 
as possible; (2) determine the proper ratio of collecting oil to froth- 
ing oil by experiment, remembering that the more dilute the pulp 
the. more frothing constituent required, and the finer the mineral 
particles the more collecting oil necessary; (3) use the greatest aera- 
tion possible with a given amount of power; (4) if possible, use an 
alkaline pulp. — 


10. WHAT IS THE “RAW OIL EFFECT” AND ITS REMEDY? 


If some raw flotation oil is poured on the froth in a flotation cell 
the effect is most striking. The oil immediately forms a large hole 
through the froth, and may even cause its total disappearance. The 
remedy is simple. This raw oil must be stirred into the pulp before 
a froth can form again. Why the presence of raw oil acts in this way 
is difficult to explain. It is probably closely related to the effect of 
oil in “calming” a rough sea. The raw oil tends to spread out to a 
flat surface, and at the same time breaks up any foam that is present. 


11. WHAT IS THE REMEDY FOR OVEROILING? 


In many flotation plants that have been brought to high efficiency 
in using a smal] amount of oil, the addition of more than the re- 
quired minimum of oil sometimes causes trouble of various kinds. 
Occasionally an effect similar to that from the addition of raw oil 
is observed. The remedy is to stir in the excess of oil more effi- 
ciently. With some oil mixtures even increased agitation dces not 
bring about the best results, as the froth still has undesirable charae- 
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teristics. A tough froth, occasionally of such leathery consistence 
that breaking it is almost impossible, is due to the use of an excess 
of certain mixtures of collecting and frothing oils. The remedy is 
to cut down the amount of oil or to change the proportions of the 
oil mixture. This particular trouble from overoiling is fairly com- 
mon, because a minimum amount of the same mixture that gives 
toughness to froth is desirable in the flotation of ores that contain 
coarse material. An excess of such a tough froth-maker is not me- 
chanically desirable, although the metallurgical result may be ac- 
ceptable. The formula for getting a tough froth is rather indefinite, 
as each ore has its own peculiarities. The use of a wood creosote 
in mixture with a coal creosote and a small addition of pine oil 
often gives a tough froth. If the oil mixture contains a high per- 
centage of the collecting oil and the preliminary agitating facilities 
are such that the excess of oil can be well stirred into the pulp, it 
is not so easy to overoil. 

In case overoiling causes the formation of a “dirty” froth from 
intrained gangue the trouble is usually due to the formation of 
bubbles with thick films in the froth. As the water that makes up 
the pulp is usually stirred enough to carry most of the ore slimes 
in a reasonably homogeneous condition, it is easy to see that the 
thicker the bubble films in the froth the more gangue slimes they 
can,carry.. Usually such thick bubble films are also quite stable and 
tough, and the remedy is generally the same as for tough froth; that 
is, to change the oil mixture. Any oil mixture that gives thin bubble 
films usually gives more brittle froth. 


12. IS THERE A CRITICAL MAXIMUM OF OIL? 


The owners of what is regarded as the basic patent on froth 
flotation in the United States claim that the use of less than 1 
per cent of oil in flotation gives a new effect as compared with the 
use of more than that percentage. Judged by the recent decision 
of the United States Supreme Court, the validity of their patent 
rests on the assumption that this is a fact. Therefore, the answer 
to the question above is of much legal importance. There can be 
little doubt that the representatives of Minerals Separation felt that 
using an excess of oil caused a different effect. They had tried an 
excess of oil in a 75-ton plant and had obtained poor results. This 
is not surprising in the least, for it was probably another example 
of the so-called “overoil” effect. The author does not know what 
oil mixture was used nor what were the conditions of agitation, but 
it seems reasonable to believe that by proper adjustments of these 
two factors their plant would have effected a satisfactory separa- 
tion. Lately a number of large flotation mills have been using 
over 1 per cent of oil, and there has been no difference in the metal- 
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lurgical results nor in the appearance of the froth formed. As high 
as 3.8 per cent of oil on the weight of the ore has been used by one 
of these companies with no apparent change of effect, except that 
as the percentage of oil increases the froth has a more oily luster. 
In the cases of Minerals Separation v. Hyde and of Minerals Sepa- 
ration v. The Miami Copper Co. the defendants performed a series 
of tests in court with varying percentages of oil up to 25 per cent. 
The froths were strikingly similar. However, the plaintiffs argued 
that the froths made with less than 1 per cent of oil on the weight 
of the ore were “air froths,” and the other froths were “ oil froths,” 
although they acknowledged that by some laboratory trick the 
defendants had managed to make them all appear much the same. 
The judges were convinced that some laboratory trick had been 
carried on and that there was a true new effect when less than 1 per 
cent of oil was used. On the other hand, most engineers who have 
had experience with the use of larger amounts of oil find it difficult 
to believe that any new effect has been proved. So the matter rests. 


18. WHERE SHOULD THE OIL BE ADDED? 


In the manipulation of machines during times of fluctuating feed 
it is often an advantage to be able to add the flotation agents to any 
one of the series of flotation cells. However, where facilities have 
been introduced for obtaining a relatively constant feed this is not as 
necessary. If possible, in plants where the ore is ground for flota- 
tion, the oil should be added before the pulp enters the tube mill. 
This procedure “emulsifies” the oil and removes the burden of 
“emulsification” from the flotation machinery. However, if only 
the slime of a gravity concentration plant is being collected for 
flotation the oil can not be distributed through the pulp in this way. 
Where mechanical frothing machines are used, the oil has to be 
added at the head of the machines. Special mixers like the Pachuca 
tanks are used ahead of many pneumatic flotation machines. 

Recently the question has been raised whether it would not be possi- 
ble to mix the oil with a small amount of water before introduction 
into the flotation machines and thereby cut down the power usually 
expended in disseminating the oil through the pulp. Under any 
condition the oil must be mixed thoroughly through the pulp and 
some mixing of such a “ preemulsified ” product would be necessary. 
Many apparent failures in floating difficult ores have been due to poor 
dissemination of the oil through the pulp. 

The term “emulsification,” as used above, is in common use among 
mill men. As has been pointed out in recent publications, true emul- 
sification of the oil in the water does not take place but rather an 
emulsification of water in the oil. The oilis what colloid chemists call 
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the external phase of the emulsion and the water the internal phase, 
which means that minute droplets of water are disseminated through 
the oil which tends to form a continuous phase. The extremely small 
amount of oil present makes it impossible for the oil to form actually 
a continuous phase and hence the visible production of an emulsion 
of water in oil is not accomplished. As there is no visible formation 
of an emulsion of small droplets of oil in water, the author prefers 
the word “ dissemination ” of the oil to “ emulsification.” 

It is evident that a viscous flotation oil, such as some of the coal 
tars, will require rather powerful machinery for its dissemination. 
For that reason it is used largely in mills that pass the pulp through 
tube mills as a final grinding stage before flotation. In this way the 
flow sheet of the mill has a considerable influence on the kind of oil 
that will be acceptable and the place where it shall be introduced into 
the pulp. 

Where there is difficulty in producing clean tailing some mills use, 
for the first stage of flotation, an oil adapted for making a high-grade 
concentrate, and then add another oil to some of the later cells of 
the flotation machine for the purpose of making a low-grade con- 
centrate or middling and a clean tailing. This low-grade concen- 
trate is either returned to the head of the series of flotation cells or 
is separately treated in other cells in order to obtain a higher grade 
concentrate. In the zinc mills it has been common past practice to 
use pine oil for making the first clean concentrate and oleic acid for 
cleaning the tailing. 


14. WHAT CAUSES “ DIRTY ” CONCENTRATE? 


A number of the causes of a low-grade froth concentrate have 
been mentioned above. When a flotation plant is being crowded it 
often happens that the material is not treated enough to obtain a 
high-grade concentrate. The great flow of pulp through the ma- 
chines makes necessary the overflow of a considerable stream of 
“ rougher ” froth from the “ rougher ” machines and this froth natu- 
rally has much gangue mineral mechanically included. If the 
“cleaner” units are small they may in turn cause the overflow of 
too much gangue in their froth. The remedy is to decrease the flow 
of pulp, to increase the number or capacity of the machines used, or 
to use some oil or other agent that permits a quicker “ flotation reac- 
tion” (see below). In other words, those conditions should be used 
that give the largest capacity for a machine of a given size. 

If the grade of the mill-feed drops, the grade of the concentrate 
is almost always sure to drop. The flotation machines are usually 
set to overflow a certain fraction of their pulp in the form of froth, 
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and a drop in the grade of the ore has its natural effect on the 
grade of the fraction that overflows. Careful operation can correct 
some of this trouble, but an attempt to make higher-grade concen- 
trate will usually result in increasing the percentage of loss in the 
tailing. On that account, with the lower-grade ores it is best to be 
prepared to re-treat the rougher concentrate in a cleaner and then 
ina recleaner. At one plant the flotation of a very low-grade molyb- 
denite ore was followed by four cleaning operations in order that the 
concentrate should carry more than 90 per cent MosS,. 

As a flotation machine usually has a much lower capacity for slimes 
than for sands, a sudden increase in the proportion of slime in the 
feed results in a dirty concentrate. The remedy is often the same 
as that for an overloaded machine, Diluting the slimey pulp usually 
raises the grade of the froth, but cuts down the capacity of the 
- machine. As a temporary expedient the thickeners may be set to 
overflow a small fraction of the most finely divided slime in order 
that the flotation machines can make a marketable product from 
the remainder of the pulp. Then sufficient machine capacity to 
handle all of the pulp can be installed without shutting down the 
plant. 

If the oil mixture used gives thick bubble films in the froth, the 
concentrate is likely to be dirty. Usually mixtures of oils are 
more apt to cause this trouble than any of the oils alone. To cor- 
rect this defect use an oil mixture that gives thinner and less perma- 
nent films, or else reduce the amount of oil used per ton of ore. 
In fact, on the first appearance of dirty froth the oils should be 
investigated to see if they are the cause of the trouble. The addi- 
tion of some agent like caustic soda or sodium silicate may lower 
the viscoscity of the froth to a point where no further trouble is 
experienced. 

If the water supply to the flotation section of a mill is subject to 
contamination by organic matter or solutions of mineral matter, 
dirty froth often results. Removal of the sources of contamination 
restores good froth. 


15. HOW CAN THE HIGHEST EXTRACTION BE OBTAINED ECONOMICALLY? 


Obviously, to point out the way in which the best extraction can 
he obtained most economically would involve a long dissertation on 
the economics of flotation and would also require a great deal of pre- 
sumption on the part of the writer. Only a few of the general prin- 
ciples that have been recently developed will be indicated here. 

It is evident that the longer a pulp remains in the flotation ma- 
chines and the more it is worked over, the higher should be the ex- 
traction and the higher the grade of concentrate. It is also evident 
that the costs will be higher than when the material is hurried 
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through the mill and onto the dump. The question is not how 
can the highest extraction be obtained, but rather how can it be ob- 
tained economically. An obvious requirement is a machine that 
agitates the pulp thoroughly with a minimum of power. If air 
frothing efficiently separates a good grade of concentrate with less 
expenditure of power than a mechanical machine, some way of intro- 
ducing air should be used. Asa rule the displacing of strictly me- 
chanical plants by pneumatic machines, or at least supplementing 
them by pneumatic machines, will result in a saving of power for the 
same metallurgical result. Economy of oil is to be considered and as 
a rule pneumatic machines permit such economy. As an example, the 
substitution of the Janney mechanical-air machine for the “ straight ” 
mechanical machine may cut down oil consumption 50 to 75 per cent. 
The use of alkaline mill solutions is also said to result in economy 
of oil, if no objectionable features arise. : 

The type of flotation flow-sheet that will permit greatest economy 
is determined entirely by the results that are sought as most de- 
sirable. Ifa high percentage of extraction is wanted the use of both 
mechanical and air frothing, in series, will usually give a slightly 
lewer grade of tailing. Latest practice has tended toward “ rough- 
ing,” which prepares a product ready for final cleaning, and the 
treating of the rougher tailing in “ gleaner ” machines in order to 
make the lowest possible grade of tailing and a gleaner concentrate 
which is returned to the head of the system. Passing the pulp 
through many successive flotation cells usually gives a lower grade 
of tailing than passing the pulp through the cells in parallel. In 
some of the Janney installations the roughing is done in a number 
of cells in parallel, and the gleaning is done in a number of. cells in 
series. In other installations the concentrate from a number of 
cells in parallel at the head of the flotation section is of high enough 
grade to require no further treatment. Clearly, if these cells oper- 
ate in parallel and receive a rather small stream of pulp, a higher 
grade concentrate can be made and more attention given to control 
than if a great stream of pulp flows rapidly through the machine. 
The Inspiration machine consists of a great many small cells in 
series, all making a “rougher” concentrate that is cleaned on a 
separate cleaning unit. The froth from the last of the “ rougher ” 
cells is noticeably leaner than that from the first of them. In such 
an installation an accidental swirling of the pulp does not permit un- 
treated pulp to pass directly to the tailing discharge, as can happen, 
but usually does not, in the Callow cell. 


16. WHAT CAUSES HIGH MOISTURE IN FLOTATION CONCENTRATES ? 


In any flotation mill the percentage of moisture left in the “ de- 
watered” flotation concentrates varies from day to day. Occa- 
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sionally the moisture in the finished concentrate will suddenly jump 
so high that the smelters object. This generally results from the 
passing of more claylike minerals into the flotation concentrate, 
because of changing operations in the mill or of a higher percentage 
of clayey material in the mill feed. At the Inspiration mill a curve 
of the percentage of “insoluble”* in the concentrate from day to 
day shows an almost exact parallelism to the percentage of moisture. 
Evidently these clayey minerals, from their fineness of division, 
carry more moisture. 

At the mill of the Prince Consolidated Mining Co., Bullionville, 
Nev., a lead carbonate ore is sulphidized with sodium sulphide and 
then floated. As the ore is much oxidized and extremely slimy, 
the concentrate is decidedly wet even after good thickening and 
treatment with a continuous vacuum filter. The only remedy for 
such wet concentrate seems to be the use of either a pressure filter 
or a vacuum filter followed by a drier. 

The use of alkaline pulp also causes occasional trouble through 
deflocculation of the claylike minerals that refuse to thicken well. 

If the pulp going to the filters or other dewatering machines is 
chilled by a sudden change in weather, the higher viscoscity of the 
water makes thorough dewatering impossible with the same filtering 
time and the same power as was previously used for warmer pulp. 
The remedy is to warm the pulp with exhaust steam, if the latter is 
available, until normal temperature returns. 


17. WHY DOES ACID INJURE THE FLOTATION OF SOME ORES? 


It is not known why the presence of acid in some ore pulps im- 
proves flotation, although some interesting theories have been pro- 
posed to explain this action. Occasionally, however, the addition of 
acid to an ore pulp is fatal to flotation and this has been a much 
harder thing to explain. Such ores have necessarily required the use 
of a neutral or alkaline liquid. 

The presence of soluble compounds of the heavy metals is delete- 
rious to flotation. Hence it seems entirely probable that deleterious 
effects from adding acid to some ores are merely results of the for- 
imation of such soluble heavy-metal compounds. As regards some 
copper ores it is entirely likely that the trouble is due to copper sul- 
phate forming when sulphuric acid is added. The author has not 
heard of acid difficulties with any copper ores except those containing 
oxidized minerals of copper as well as sulphides. Iron sulphates 
might cause trouble if enough formed. This question could be camty 
checked up. 

«A common term in nonferrous metallurgy. In analyzing the ore it Is decomposed by 
being boiled with acids. The “ insoluble” residue consists malnly of quartz and feldspar. 
In some ores barite and other similar minerals are also present. At some mills the “ in- 


soluble” is further treated to determine the “ absolute silica.” However, most of the lead 
and copper smelters adjust charges according to the percentage of “insoluble” in the ore. 
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18. WHAT DO FLOTATION MACHINES COST? 


The first cost of flotation machinery in a mill is insignificant as 
compared with the costs of the accessories. In a mill costing $50,000 
it often happens that the flotation machines will cost only $2,000. 
Crushing and grinding machinery, filters, housing, etc., make up a 
much larger total. 

The first costs of a number of installations have been reduced to 
unit figures and summarized in the following table: 


Cost of flotation machines. 
MECHANICAL FROTHING MACHINES. 


Capacity, tons a day. Cost per ton of daily capacity. 
O02 chase ch ene st oeseoe et tS isso ese cgacetoueus cess ase $30 to $50 
DO. oa ees cshh BSS sob te 8 Shoe h a ae es toccesse ten See oaL 25 to 45 

100 55 ee a Fat a a se ee es eh s 3 a Sec asao eee 20 to 40 
DO sists Seren, Seman = maton Reet eabe sas eda esencnncaaasecauel 15 to 35 
TD O00 US Sai sates Sas on Sotto Coane eek en eee ee 12 to 25 

PNEUMATIC FROTHING MACHINES. 

PA Fa aa Te a ee eR ae a pe eee er ae $25 to $40 
DO Sense ne Ao eee ae See oes ee een 12 to 20 
DUO os Ss se ane ee a SEE ase os name esa. 8 to 12 
WS OOGs 228. Sok eek ee os ew een eee nse ete eee 6to 8 
5; OOO SS oe ee ete ete eee 4to 6 


The wide variations in these costs are due to differences in the 
machines used and the ores treated. The lower figures apply often to 
machines of rather cheap construction that will not have the life of 
some of the more substantial and expensive machines. Also, the 
lower figures are low because granular material is being treated. 


19. WHAT ARE THE OPERATING COSTS OF FLOTATION MACHINES? 
A similar tabulation of the operating costs of the mills follows: 


Operating costs of machines. 


MECHANICAL FROTHING MACHINES. 


Capacity, tons a day. Cost per ton. 
1 | Ese i a ee ae REE Ty PP RO I CPE (eS ease tees $0. 20 to $0. 75 
200% oe. Sen Se See eace see eee average... 35 
WOM? S828 oS ao nee ere ches eet eae Se ee . 28 
WOO 22 =. en Rt ss ease sae es coe ence kaise eas 23 
1 O00oo. 2 San nk et esa eee Soe eee ccoheaee 17 
Bj O00 sas nn a hoe btn ees see istee eee 15 
PNEUMATIC FROTHING MACHINES. 
Oi anno oe nc a hase Sobre tse Bo csesen sist $0. 20 to $0. 75 
OO 2 22 se as Se ee nt eas ae esnceasecnsceasd average. .35 
OO i Sm evtacensonne ap hae eaaous So 4 aeseeeneceearncetas . 28 
WOO 2s Stee ee hans en coke ces Veena en ees ee ek 23 
1.000)..2<25225 2. scssc5ssanssshsd 22c24asbstccesceeccdeseee, LIT 
$000! sa2e525: 2252 lencscncscstectescesaso Ne estimated__  .15 
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The variations in these costs are likewise due to differences in ores 
and in mill practice. Not enough data of this kind have been col- 
lected yet to give a closer idea of flotation costs. Royalty to patentees 
is included in some of the costs and not’ in others. The tables are of 
value only as giving a general idea of costs. 


20. WHAT ARE THE POWER REQUIREMENTS OF FLOTATION MACHINES? 


Although a great deal of experimenting has been done by indi- 
vidual companies in an endeavor to reduce power consumption, not 
many comparative data are available and even these are not entirely 
reliable. To compare power consumption exactly, the machines 
must be used on the same ore and made to give the same metal- 
lurgical result. This has been done only a few times. In order to 
convey a general idea of the power being used in some of the mills the 
following figures are given, but there are many wide variations 
from them: 


Power used by machines. 
Kilowatt-hours per 


Machine. ton of solids. 
Janney (with :.air baskets): ...2.. 525 24 ee es Se ence 4 to 6 
Minerals Separation, mechanical_____----__-___-_----_----____------___ 4 to 5 
Minerals Separation, subaeration___-----_-___ _-__--__-____-________ 3.5 
Pueumatics: Siva ss a sccec sense cess enh see ces oeehe= SSS SSCS ES 3 
K. & KK... (claim ‘in. catalogue) 22225 oes 2 sss e sce ct cade nceeecccce 2 


There are machines in operation that are using as much as 15 
kilowatt-hours per ton of solids, but these are only makeshifts or 
early designs of machines that are now being improved. Differences 
of power consumption, according to whether slime or sand is treated 
and according to whether the ore is high or low grade, make the 
power consumptions listed of illustrative value only. 


21. HOW CAN THE CAPACITY OF A FLOTATION MACHINE BE INCREASED ? 


Occasionally the question arises how the capacity of a flotation 
machine already installed can be increased in order to meet some 
temporary or unusual demand. The answers to preceding questions 
suggest answers to this question. 

A small amount of the most colloidal material normally contained 
in the flotation machine feed can be allowed to overflow from the 
thickener preceding the flotation machine, thereby causing a more 
granular product to go to the flotation machine and increasing its 
capacity through the greater ease of flotation and the use of denser 
pulp. 

Another method is to allow a somewhat larger amount of 
‘rougher ” concentrate to be formed, overloading the cleaner units 
and reducing the grade of the final concentrate, but greatly increasing 
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the capacity of the rougher units. Any temporary increase in ton- 
nage usually results in both a low extraction and a low grade of con- 
centrate. The problem is to balance the resulting losses against the 
cost of treating the excess tonnage. ; 

Different oils differ considerably in quickness of producing flota- 
tion. A certain length of time seems necessary for obtaining a 
* flotation reaction” and some oils are much slower than others. 
Usually, the choice of the flotation oil is governed by reference to 
the highest grade of concentrate and the lowest grade of tailing that 
can be made. The quickness of action of the oil in forming a froth 
is of secondary importance. By substituting an oil that may not 
give as good metallurgical results but brings a quick froth a tem- 
porary increase of capacity can be had. Adding such chemicals as 
sodium hydrate or sulphuric acid or other additional agents with 
reference to the ore being treated also quickens the flotation reaction 
and occasionally yields very good metallurgical results at a much 
higher capacity, though at a higher cost due to using the extra addi- 
tion agent. 

Speeding up the impellers of a mechanically agitated machine will 
likewise permit more pulp to pass through the machine, although 
the power consumption per ton tends to increase. 

A slight change of grinding, so as to produce less slime and to 
throw a little more coarse mineral onto the tables or other gravity- 
concentration machines in the mill will also give a more granular 
product to the flotation units with resulting possibility of greater 
capacity. Happily, the crowding of tonnage in a ball mill tends to 
cause this change in screen analysis, and it is possible in some mills 
to considerably increase tonnage in this way with small sacrifice of 
total extraction and in the grade of concentrate. 

If the flotation oils are not added to the pulp before it enters 
the grinding machines, it should be possible to speed up the work by 
this change, which saves the time and power needed for disseminat- 
ing the oil in the pulp. On issuing from the tube or ball miil the 
pulp contains the elements of a “ potential froth” and all that is 
required is the introduction of air. This matter of previous dissemi- 
nation of the oil has not received the attention that it should. It 
seems to offer considerable possibilities in increasing the capacity 
and reducing the power consumption of flotation machines. 

Slightly changing the flotation flow-sheet so as to lessen the time ' 
spent in treating middling will often greatly increase plant capacity. 
Every millman should have tested several possible ways of handling 
his ore and his machinery so that he will be ready to apply the 
proper conditions for increasing the load of one of his flotation 
machines whenever it is necessary. 
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22. WHERE SHOULD FLOTATION BE USED IN TREATING A LEAD-ZINC-IRON 
SULPHIDE ORE? : 


A question very similar to this was asked in a letter published in 
the Enginering and Mining Journal* but never answered. The 
letter reads as follows: 

Suppose the case of a complex sulphide ore containing lead and nearly as 
much fron as the zinc content. The material treated by the magnetic and 
ordinary wet dressing process, resulted in a saving of 70 per cent of the 
mineral values. Now, presuming that the flotation process is added to the 
mill equipment, what is its stage in the whole operation of ore treatment? If 
the tailings are handled, the result is a mixture which must go through the dry 
and wet mills again to separate out the lead and the worthless fron from the 
zine. If the mixture can not be treated as a separate proposition but must 
simply be added to the fresh sizings and handled with them, the proposition 
of savings made by the flotation process becomes a mathematical problem that 
on its face does not seem to come out. If, on the other hand, the crushed ore 
goes first to the flotation tanks and then travels the ordinary route provided 
by the wet and dry mill, I can understand how the percentages lost in the 
tailings are saved. But there are theoretical objections to that method also, 
and freely confessing my ignorance and mental fog, I am venturing to ask 
you to explain in your columns, : 

This problem came to the Salt Lake station of the Bureau of 
Mines, which is interested in the treatment of low grade and com- 
plex ores of lead and zinc. The above statement is very apt as it 
reveals the fact that most of the old processes for treating mixed 
sulphides did not make a high recovery, and the exact application of 
flotation in saving the former losses is problematical, due to the 
fineness of division of the material that is caught by flotation. It 
is well known that magnetic and electrostatic separation processes 
do not work well on dust, or material that passes a 200-mesh sieve. 
Tf flotation is applied to recover the slime and it produces a mixed 
zinc-lead-iron sulphide concentrate, some new method of separating 
these sulphides must be used. Differential flotation methods have 
been fairly successful in Australia and in the United States for 
mixtures of zinc and lead sulphides, but the separation of the zinc 
and iron sulphides from each other is very difficult. Fortunately 
pyrite is commonly more or less tarnished and not subject to flotation 
so that with such an ore the flotation concentrate will contain mainly 
zinc and lead sulphides and very little iron. By breaking down the 
flotation froth and passing the resulting pulp over a concentrating 
table it is usually possible to make a gravity separation of the galena 
and sphalerite, where it was impossible to do this in the presence 
of the gangue slimes. This solves the problem unless there is some 
gold or silver associated with the pyrite left in the slime tailing. 


«Kempton, Griswold, Flotation efficiency problem: Eng. and Min. Jour., vol. 102, 
Nov. 25, 1916, p. 949. 
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Even then, fortunately, pyrite does not tend to pass into the slimes to 
as great a degree as galena and sphalerite. 

But as regards a fundamental solution of the problem of treating 
such an ore by flotation, the author of this paper believes that a 
method differing somewhat from that mentioned by Kempton can be 
used with advantage. The method consists in dry crushing and 
rolling the ore and passing it to a roaster where the pyrite can be 
partly roasted one to two hours at a rather low temperature. Prac- 
tically all of the sphalerite and galena are untouched by this roast, 
and the pyrite is changed to a lower sulphide that does not float 
well. If this is put into the mill water and ground in order to liber- 
ate the minerals for gravity separation, the gravity machinés yield 
u mixture of zinc and iron as one product and a lead concentrate as 
the other. As the iron already is magnetic from its roast, the zinc- 
iron middling need not be dewatered but can be separated on a wet 
magnetic machine, of which there are a number on the market. Flo- 
tation of the slimes formed in the mill gives a concentrate of lead 
and zinc only, and a little sodium sulphide put in the mill water will 
resulphidize any lead that may have been oxidized during the mag- 
netic roast. Zinc sulphide is usually very resistant to roasting at 
temperatures below 600° C. The mixed zinc-lead sulphide flotation 
concentrate can be separated by subsequent tabling as mentioned 
above. 

The advantage of this method of treatment is that no products 
will require dewatering and subsequent roasting for magnetic sepa- 
ration. The author believes that roasting the crude ore as the first 
operation has many advantages over dewatering and roasting only 
the zinc-iron middling. One ore after roasting could be concentrated 
nicely on tables, whereas before no separation of the various minerals 
seemed possible. Heating seemed to tear apart minerals with differ- 
ent coefficients of expansion. 

The disadvantage of this method would appear if the iron sulphide 
contained gold and silver, then only the fact that pyrite does not tend 
to slime badly would prevent the old slime losses of the precious 
metals. Fortunately this combination with precious metals in such 
an ore is also not very common. 

The method outlined above is positive and is not subject to the 
intermittent troubles of differential flotation. Occasionally the 
slime in the roasted product gives a rather dirty flotation concen- 
trate, but by careful adjustment such trouble can be overcome. 


23. WHAT KIND OF WATER IS BEST FOR FLOTATION ? 


It has not been determined what kind of water is best for flotation, 
although dissolved salts exercise an important influence on the char- 
acter of the froth. In fact, it is said that in one Colorado mill the 
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extreme purity of the water necessitated the addition of an elec- 
trolyte to insure successful flotation. Whether hard water is better 
than soft water is not known, but usually differences caused by 
changes in water can be met by changing the oil. 

Samples of ores have been sent to distant testing laboratories and 
tested in the water available at the laboratories with promising re- 


- sults. On applying flotation at points near the mines the local water 


has often produced different results and necessitated a change in the 
flotation oil. As a remedy for this kind of trouble it is necessary to 
try different kinds of oil until the right kind is found. It is prob- 
able that if the water in some of these tests had been analyzed inter- 
esting generalizations could have been drawn. 

If the source of the water is from mines in which rapid oxida- 
tion of sulphides is taking place the dissolved sulphates of iron, 
copper, ete., will cause trouble in flotation. Such is the case at the 
Ohio Copper Co, mill at Lark, Utah. Apparently the only remedy 
is to treat the water before it is allowed to enter the flotation plant. 
The use of lime for precipitating the heavy metals and the sulphates 
has proved valuable and at other plants more expensive reagents, 
such as sodium sulphide or sodium carbonate, have proved more 
efficient. When other possible sources of trouble have been investi- 
gated it is well to look to the water that enters the mill to see if by 
any chance it has been contaminated. 

If the mill water is from a stream that passes through a town it 
may carry a burden of organic matter that makes successful flotation 
difficult. At some mills it is almost impossible to do anything with 
the water that is at hand, although uncontaminated water can be 
used successfully. It is highly probable that the water from a 
tropical jungle would cause trouble in flotation mills, as tannin and 
related substances are deleterious to flotation. Cases of contamina- 
tion of the ore with roots of plants are on record, the plant juices 
spoiling flotation if the roots are allowed to remain in the ore pulp 
when it is ground. A cure for the presence of these organic sub- 
stances has not been discovered, as far as can be learned. 

In a mill at Mascot, Tenn., flotation is often injured by the water 
that enters the mill immediately after a rainstorm. The source of 
the trouble is finely dispersed red clay, which is washed into the 
mill water from the surrounding country by the torrents. Much 
the same experience is said to have been met at Miami, Ariz. This 
corresponds to the trouble experienced in floating ores containing 
refractory “primary slimes.” Why this finely divided clay sub- 
stance should have the effect that it does no one knows. It may 
cause a difference of surface resulting from an adsorption of the 
clay particles. The only remedy is preliminary settling or the use of 
more granular material in the flotation feed. 
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In arid regions the water often has to be reused many times and in 
as small a ratio to the ore as possible. Under such conditions it is 
necessary to be rather careful about what acids, alkalies, or salts 
are added to the water, as they may accumulate so as to cause trouble 
in flotation. If sulphuric acid is used during flotation the acid 
causes the formation of sulphates of iron and alumina and it may 
prove best to add a small amount of lime to the pulp as it goes 
down the tail race. The iron and other heavy metals will be pre- 
cipitated in the pulp and the purified water can be pumped up from 
the tailings ponds to the head of the mill again. 


24. WHAT IS THE EFFECT OF DEPTH OF FROTH IN A FLOTATION 
MACHINE? 


In most flotation machines a deep froth is caused by so adjusting 
the tailing discharge that a shallow layer of pulp is maintained in 
the machine and the froth is deeper. Then less froth overflows and 
it has time to become quite clean before it does overflow. This also 
means either small capacity for the machine or high losses in the 
tailing. The capacity of a given machine can thus be regulated 
to some extent by the adjustment of the pulp level and the conse- 
quent depth of froth. When a machine is being crowded the froth 
should be shallower and of lower grade than with normal tonnage. 
Some machines are so built that the froth can be very deep when a 
considerable tonnage is being treated. These machines usually pro- 
duce a cleaner concentrate than those with shallow froth. The 
depth of froth that can be formed depends somewhat on the froth- 
ing oil used, especially in the mechanical frothing machines, as some 
cils produce a very “brittle,” evanescent froth. For such oils a 
high pulp level is necessary in order that some of the shallow 
froth may overflow. 
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PUBLICATIONS ON MINERAL TECHNOLOGY. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are re- 
quested to limit their selection to publications that may be of especial 
interest to them. Requests for publications should be addressed to 
the Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


BULLETIN 16. The uses of peat for fuel and other purposes, by C. A. Davis. 
1911. 214 pp., 1 pl., 1 fig. 

BuLLeTIN 64. The titaniferous iron ores in the United States; their composi- 
tion and economic value, by J. T. Singewald, jr. 1918. 145 pp., 16 pls., 3 figs. 

Bu.LietTin 70. A preliminary report on uranium, radium, and vanadium, by 
R. B. Moore and K. L, Kithil, 1913. 100 pp., 2 pls., 2 figs. 

BULLETIN 73. Brass furnace practice in the United States, by H. W. Gillett. 
1914, 298 pp., 2 pls., 23 figs. 

BULLETIN 81. The smelting of copper ores in the electric furnace, by D. A. 
Lyon and R. M. Keeney. 1915. 80 pp.. 6 figs. 

Butietin 84, Metallurgical smoke, by C. H. Fulton. 1915. 94 pp., 6 pls., 
15 figs. a 

BULLETIN 85. Analyses of mine and car samples of coal collected in the fiscal 
years 1911 to 1913, by A. C. Fieldner, H. I. Smith, A. H. Fay, and Samuel San- 
ford. 1914, 444 pp., 2 figs. 

BULLETIN 92. Feldspars of the New England and Northern Appalachian 
States, by A. S. Watts. 180 pp., 3 pls., 22 figs. 

BULLETIN 104. Extraction and recovery of radium, uranium, and vanadium 
from carnotite, by C. L. Parsons, R. B. Moore, 8. C. Lind, and O. C. Schaefer. 
1915. 124 pp., 14 pls., 9 figs. 

BULLETIN 106. The technology of marble quarrying, by Oliver Bowles. 1916. 
174 pp., 12 pls., 33 figs. 

BULLETIN 119. Analyses of coals purchased by the Government during the 
tiscal years 1908-1915, by G. S. Pope. 1916. 118 pp. 

BULLETIN 122. The principles and practice of sampling metallic metallurgical 
materials, with special reference to the sampling of copper bullion, by Edward 
Keller, 1916. 101 pp., 13 pls., 31 figs. 

BULLETIN 124. Sandstone quarrying in the United States, by Oliver Bowles, 
1917, 143 pp., 6 pls., 19 figs. 
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BuLietin 128. Refining and utilization of Georgia kaolins, by I. E. Sproat. 
1916. 55 pp., 5 pls., 11 figs. 

TecHnicaL Paper 8. Methods of analyzing coal and coke, by F. M. Stanton 
and A. C. Fieldner. 1913. 42 pp., 12 figs. 

TECHNICAL Paper 50. Metallurgical coke, by A. W. Belden, 1913. 48 pp.. 
1 pl., 23 figs. 

TECHNICAL Paper 76. Notes on the sampling and analysis of coal, by A. CU. 
Fieldner. 1914. 59 pp., 6 figs. 

TrcHNICAL Paper 88. The radium-uranium ratio in carnotites, by 8. C. Lind 
and C. F. Whittemore. 1915. 29 pp., 1 pl. 4 figs. 

TecHNIcaL Paper 95. Mining and milling of lead and zinc ores in the Wis- 
consin district, Wisconsin, by C. A. Wright. 1915. 39 pp., 2 pls., 5 figs. 

TECHNICAL Paper 102. Health conservation at steel mills, by J. A. Watkins. 
1916. 36 pp. 

TEcHNIcAL Paper 110. Monazite, thorium, and mesothorium, by K. L. Kithil. 
1915. 32 pp., 1 fig. 

TECHNICAL Paper 111. Safety in stone quarrying, by Oliver Bowles. 1915. 
48 pp., 5 pls., 4 figs. 

TECHNICAL Paper 126. The casting of clay wares, by T. G. McDougal. 1916. 
26 pp., 6 figs. 

TECHNICAL Paper 136. Safe practice at blast furnaces, by F. H. Willcox. 
1916. 73 pp., 1 pl., 43 figs. 

TECHNICAL PaPer 143. Ores of copper, lead, gold, and silver, by C. H. Fulton. 
1916. 41 pp. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN- 
TENDENT OF DOCUMENTS. 


BuLtetTin 11. The purchase of coal by the Government under specifications, 
with analyses of coal delivered for the fiscal year 1908-9, by G. S. Pope. 80 pp. 
10 cents. ’ 

Butietin 12. Apparatus and methods for the sampling and analysis of fur- 
nace gases, by J. C. W. Frazer and E. J. Hoffman. 1911. 22 pp., 6 figs. 5 cents. 

Butietin 22. Analyses of coals in the United States, with descriptions of 
mine and field samples collected between July 1, 1904, and June 30, 1910, by 
N. W. Lord, with chapters by J. A. Holmes, F. M. Stanton, A. C. Fieldner, and 
Samuel Sanford. 1912. Part I, Analyses, pp. 1-321; Part II, Descriptions of 
samples, pp. 321-1129. 85 cents. 

ButietTin 29. The effect of oxygen in coal, by David White. 80 pp., 3 pls. 
20 cents. 

ButieTin 38. The origin of coal, by David White and Reinhardt Thiessen, 
with a chapter on the formation of peat, by C. A. Davis. 1913. 390 pp., 54 pls. 
80 cents. 

BuLieTin 41. Government coal purchases under specifications, with analyses 
for the fiscal year 1909-10, by G. S. Pope, with a chapter on the fuel-inspection 
laboratory of the Bureau of Mines, by J. D. Davis. 1912. 97 pp., 3 pls., 9 figs. 
15 cents. 

BuLieTin 42. The sampling and examination of mine gases and natural gas, 
by G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 20 cents. 

Botetin 47. Notes on mineral wastes, by CO. L. Parsons. 1912. 44 pp. 5 
cents. ; 

Bouiietin 58. Mining and treatment of feldspar and kaolin in the Southern 
Appalachian region, by A. S. Watts. 1913. 170 pp., 16 pls., 12 figs. 35 cents. 
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BULLETIN 63. Sampling coal deliveries and types of Government specifications 
for the purchase of coal, by G. S. Pope. 1913. 68 pp., 4 pls., 3 figs. 10 cents. 

BuLteTiIn 71. Fullers’ earth, by C. L. Parsons, 1913. 38 pp. 5 cents. 

BULLETIN 107, Prospecting and mining of copper ore at Santa Rita, N. Mex., by 
D. F. MacDonald and Charles Enzian. 1916. 122 pp., 10 pls., 20 figs. 25 cents. 

BuLLeTINn 108. Melting aluminum chips, by H. W. Gillett and G. M. Jam»s. 
1916. 88 pp. 10 cents. 

BULLETIN 111. Molybdenum; its ores and their concentration, with a discus- 
sion of market, prices, and uses, by F. W. Horton. 1916. 132 pp., 18 pls., 2 figs. 
30 cents. : 

BULLETIN 121. The history and development of gold dredging in Montana, by 
Hennen Jennings, with a chapter on placer-mining methods and operating costs,» 
by Charles Janin. 1916. 64 pp., 29 pls., 1 fig. 30 cents. 

TECHNICAL PAPER 8. Specifications for the purchase of fuel oil for the Govern- 
ment, with directions for sampling oil and natural gas, by I. C. Allen. 1911. 
13 pp. 5 cents. 

TECHNICAL Paper 26. Methods for the determination of the sulphur content of 
fuels, especially petroleum products, by I. C. Allen and I. W. Robertson. 1912. 
13 pp.. 1 fig. 5 cents. 

TECHNICAL Paper 4]. The mining and treatment of lead and zinc ores in the 
Joplin district, Mo., a preliminary report, by C. A. Wright. 1913. 43 pp., 5 figs. 
5 cents. : 

TECHNICAL Paper 60. The approximate melting points of some commercial 
copper alloys, by H. W. Gillett and A. B. Horton, 1913. 10 pp.. 1 fig. 5 cents. 

TECHNICAL PAPER 90. Metallurgical treatment of the low-grade and complex 
ores of Utah, a preliminary report, by D. A. Lyon, R. H. Bradford, S. S. Arentz, 
Q. C. Ralston, and C. L. Larson. 1915. 40 pp. 5 cents. 

TECHNICAL Paper 93. Graphic studies of ultimate analyses of coals, by O, C. 
Ralston, with a preface by H.C. Porter. 1915. 41 pp., 3 pls., 6 figs. 10 cents. 

TECHNICAL Paper 109. Composition of the natural gas used in 25 cities, with a 
discussion of the properties of natural gas, by G. A. Burrell and G. G, Oberfell. 
1915. 22 pp. 5 cents. 
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